The problem to be considered in the case of steady motion of a fluid which is incompressible inviscid and perfect electrically conducting,past a cylindrical body whose cross-section represents a Joukowski thin,non-conducting,airfoil in the presence of a magnetic field which when undisturbed is uniform and oriented in an arbitrary direction. The problem is studied with the usual model in which the fluid variables obey the Lundquist equations linearized about a constant unperturbed flow. All the flow and magnetic field variables are assumed to differ by small amounts from their undisturbed values due to the presence of the thin airfoil. The main purposes in this problem are to illustrate the effect of the Joukowski thin airfoils on the general motion of the fluids as well as to throw further light on the flow pattern due to the change in the direction of magnetic field with respect to the flow direction. Flow and magnetic field quantities,at the body surface,such as speed,pressure coefficient,lift force,and drag force are obtained in terms of the inclination angle of the magnetic field and the number "m",which measures the ratio of the undisturbed speed of the fluid to the speed of the Alfven waves. The effect of the thin airfoil,the number "m" and the inclination angle "X" on the flow and magnetic field quantities have illustrated and discussed.
1-1NTRODUCTION
Magneto-Fluid-Dynamics deals with the study of the motion of perfect electrically conducting fluids in the presence of magnetic field. Fluids which interact with electromagnetic fields have the property of electrical conductivity and this property implies that there are electrical charges in motion in the fluid. Therefore,the dynamics of fluids which have negligible electrical conductivity does not involve any interaction with the electranagnetic fields. This dynamics is called fluid dynamics. The forces,due to the presence of electromagnetic fields,on electrically conducting fluids in motion are called electro-magnetic forces and these forces are governed by the laws of electricity and magnetism. Mathematically,the infludnce of magnetic field on the fluid motion is expressed by including the electromagnetic force in the equation of motion, and the influence of the fluid motion on the magnetic field appears,in turn,through Ohm's law. This interaction between the electranagnetic field and the fluid motion determine the simultaneous consideration of the fluid mechanics equations (conservation of mass,consevation of linear momentum) and the electro-magnetic field equations (Maxwell's equations,generalized Ohm's law,conservation of electrical charge). For more details about the history and basic concept of the field of magnetofluid-dynamics,see Little [1] and Dragos [2] ,and about the electro-magnetic field equations see JOrdan [3] . The standarad mathematical model for the study of the steady flow of an incompressible,inviscid and perfectly conducting magneto hydrodynamics fluid past a nonconducting Otukowski thin airfoil (or any thin airfoil in general) consists of the Lundquist equations linearized about constant unperturbed fluid velocity and magnetic field together with the appropriate boundary conditions, see Sears and Resler [4] ,MCCiine and Resler [S] ,and Grad [6] . The assumption of perfect conductivity of the fluid does not correspond exactly to the actual phenomena but simplifies to a great extent the equations of motion. The case of finite conductivity is under consideration by the authors. In 1959,Sears and Resler [4] considered the cases of aligned and orthogonal fields,while an alternative view of the solution in the case of aligned undisturbed field has been put forward by Stewartson [7] in 1960. In 1987,Abd-el-Malek [8] solved the same problem for the case of biconvex thin airfoil,and recently Hanna and Abd-el-Malek [9] ,considered the problem in the case of orthogonal fields (special case). The interest of this problem because it throws further light on the flow pattern due to the change in the direction of magnetic field with respect to the flow direction.
2-FORMULATION OF THE PROBLEM
Consider a perfectly conducting, steady , inviscid , and incompressible fluid of density p . Relative to fixed axes CM , let the undisturbed velocity A thin non-conducting cylindrical Joukowski airfoil is fixed in the fluid near 0 , as shown in Fig(1) , so that the equations of its upper and lower surfaces are :
Figure (1): Joukowski Thin Airfoils in Oblique Fields
The presence of the body disturbes both the velocity and magnetic fields,
It is assumed that at large distances the perturbations vanishe , i.e. Lim ( u_ , uy ; hx , by ) = 0 1 (2.4) x2+ y2.4. co ^ and are small enough that their squares and products may be neglected. where V denotes the particle velocity , H the magnetic field intensity , E the electrical field intensity , J the total electrical current density , p the fluid density , p the pressure function , q the charge density , c the electrical conductivity , w the constant magnetic permeability , and y the constant inductive capacity.
For steady , inoaapressible fluid flows of infinite conductivity, equations (3.1)-(3.5) may be reduced to the following equations :
(3.9) Substituting from (2.2) and (2.3) in (3.6)-(3.9) , neglecting squares and products of the small quantities (u x ,u y ;h x ,h y ) , we get Using the definition (3.19) in (3.14) and (3.15) we find
TIE ux, uy ) The operator T , defined.in (3.22) is a hyperbolic operator , and the characteristic curves of T have slopmee / ( a t m) )0 *0 .
4-.BOUNDARY CONDITIONS (i) On the bogy
The newel amnponeht of velocity is zero and hence
because the parameters of the normal to the surface profile are ; g( 1 + x 2 x 2 )/( 1 x 2 )1 , -1 ) and we disregarded the products *2 ( t( 1 + x 2 x 1 )/( 1 -x 2 )1 ) ux and imposed the boundary condition on
Third ASAT Conference 4-6 April 1989 , CAIRO the segment y = 0± and not on the curves y(x) = ± e( 1 -x ) ( 1 -
(ii)Inside the body Since the laxly is non-corlducting material , the variation of the internal field,determined by the equations VxH=0 , V.H=O , is small. Following Stewartson (7] and Dragos (2) ,we get
5-SOLUTION OF THE PROBLEM
The hyperbolic operator T , defined by (3.22) , has solutions of the form The holcmorphic function whose discontinuity on the real axis is given by (5.21) , applying the Hilbert transformation ,the function K(z) has the following
for more details about the Hilbert transformation , see Muskhelishvili [10] , and Gakhov (11] , and Tricani [12] ,where , here (and below) , denotes a singular integral in the sense of Cauchy which we define as
Define Kt (x) as the limiting values of K(z) as z x + i (0±) respectively. 'Thus we can write 1 (2 1 11 +
given by Manwell [13] , has the form 
We notice that the solution is determined only if a2-82-m2x0. Kamantcovschi [14] has shown that this singularity is due to the linearization of the boundary conditions.
6-DETERMINATION OF THE LIFT AND DRAG FORCES
The flow field is now known,in section 5,and the lift and drag forces on the airfoil may now be worked out. Thus on a thin body,the lift is where Al A2 and A3 are given in (6.5),(6.6),and (6.7) respectively,and 0<d<<1.
7-NUMERICAL RESULTS AND DISCUSSIONS
The foregoing analysis implies that the presence of a magnetic field,orient , in an arbitrary direction A=tan -1 (!) to the flow di:ection of inviscid and incompressible fluid past a Joukowski thin non-conducting airfoil,will affect the not' 
